Objective To evaluate whether prenatal use of non-steroidal anti-inflammatory drugs (NSAIDs) is associated with increased risk of miscarriage. Design Population based cohort study. Prenatal use of NSAIDs, aspirin, and paracetamol (acetaminophen) ascertained by in-person interview. Setting Kaiser Permanente Medical Care Program, a healthcare delivery system, in the San Francisco area of the United States. Participants 1055 pregnant women recruited and interviewed immediately after their positive pregnancy test. Median gestational age at entry to the study was 40 days. Main outcome measures Pregnancy outcomes up to 20 weeks of gestation. Results 53 women (5%) reported prenatal NSAID use around conception or during pregnancy. After adjustment for potential confounders, prenatal NSAID use was associated with an 80% increased risk of miscarriage (adjusted hazard ratio 1.8 (95% confidence interval 1.0 to 3.2)). The association was stronger if the initial NSAID use was around the time of conception or if NSAID use lasted more than a week. Prenatal aspirin use was similarly associated with an increased risk of miscarriage. However, prenatal use of paracetamol, pharmacologically different from NSAIDs and aspirin, was not associated with increased risk of miscarriage regardless of timing and duration of use. Conclusion Prenatal use of NSAIDs and aspirin increased the risk of miscarriage. These findings need confirmation in studies designed specifically to examine the apparent association.
Introduction
Non-steroidal anti-inflammatory drugs (NSAIDs) are among the most widely used drugs in the developed world [1] [2] [3] and are often used by pregnant women. [4] [5] [6] Because of their widespread use, any unintended effect could have serious adverse public health consequences. Gastrointestinal and renal effects are among the most widely studied and recognised adverse effects of NSAIDs, but reproductive risk, especially from NSAID use in early pregnancy, has not been systematically evaluated. 7 8 A recent Danish case-control study linked pharmacy data with birth registry data. 9 The authors selected women with registry reports of miscarriages as cases and live births as controls. They reported an association between use of prescribed NSAIDs and miscarriage, with odds ratios that ranged from 1.3 (95% confidence interval 0.9 to 1.9) for NSAID use 10-12 weeks before miscarriage to 7.0 (2.8 to 17.7) for NSAID use one week before miscarriage. However, the study had several limitations from the choice of data sources, including incomplete ascertainment of both miscarriages and NSAID use during pregnancy, lack of information on the reasons for NSAID use, and lack of information on important confounders.
We sought to examine the effect of NSAIDs on the risk of miscarriage by analysing existing data from our recently completed, population based, cohort study of risk factors for miscarriage.
Participants and methods
We conducted a prospective cohort study of the risk factors for miscarriage among members of the Kaiser Permanente Medical Care Program-an integrated healthcare delivery system, including hospitals and outpatient clinics, that contracts exclusively with a single group of physicians to provide all healthcare services to all members of the system-in northern California. Members of the care programme are representative of the underlying population in the service areas. The primary interest of the study was prenatal exposure to magnetic fields, which is described in detail elsewhere. 10 We performed data analyses for the current study after we learnt of the reported association between NSAID use during pregnancy and miscarriage. 9 Because paracetamol (acetaminophen) shares many of the indications for use with NSAIDs but has a different underlying pharmacological effect, we conducted a similar analysis for paracetamol use to control potential confounding by indication for use. the study if they met the following criteria: resided in the San Francisco or south San Francisco area, had a positive pregnancy test, spoke English, and intended to carry the pregnancy to term at the time of recruitment. A document explaining the purpose of the study and the possibility of being contacted for participation in the study was given to every woman who submitted a urine sample for a pregnancy test at San Francisco or south San Francisco facilities. The care programme requires all members who suspect that they are pregnant to have a pregnancy test conducted by the programme's laboratories regardless of whether a home pregnancy test has already been done. A postage-paid, self addressed refusal postcard was included with the document so that women who did not wish to participate in the study could return the card. Our trained female interviewers contacted those who did not return the refusal card to answer their questions about the study and to arrange an interview if they agreed to participate. Among 2729 eligible women, 1063 participated and completed the interview.
Data collection
We obtained information on use of NSAIDs, aspirin, and paracetamol during pregnancy in an interview conducted soon after each woman's pregnancy was confirmed. We asked the women about their drug use since their last menstruation (since they became pregnant), ascertaining the names of any drugs, the conditions that they were to treat, the timing of their first use, and the duration and frequency of their use. We defined NSAID users as those who reported using ibuprofen or naproxen or preparations containing these drugs (Advil, Motrin, Naprosyn) after their last menstruation. We defined aspirin users as those women who reported using aspirin or preparations containing aspirin (including baby aspirin, Alka Seltzer, Excedrin, and Soma) after their last menstruation. For paracetamol users, we included use of paracetamol or preparations containing it (Tylenol, Tylenol Cold, Tylenol Sinus, Tylenol with codeine, Tylenol PM, Theraflu, Triaminic, Vicodin). We based these definitions on PDR (Physician's Desk Reference) and the drug classification databases published by the American Hospital Formulary Service. In the interviews we also asked the women about their reproductive history, known or potential risk factors for miscarriage, and sociodemographic characteristics.
We ascertained pregnancy outcomes for all participants by searching the Kaiser Permanente care programme inpatient and outpatient databases, reviewing medical records, and contacting those participants whose outcomes could not be determined through the previous two methods. Because miscarriage is defined as natural abortion before 20 weeks of gestation, we obtained information on pregnancy outcomes for every participant up to 20 weeks of gestation.
Statistical analysis
We used the Cox proportional hazard regression to take into account possible differing gestational ages at entry between the women who used NSAIDs or aspirin and those who did not. [11] [12] [13] By using the Cox model with left truncation, we examined the association between NSAID use and risk of miscarriage at any specific gestational age only among those women who had entered the study and remained pregnant at that specific gestational age. Using the Cox model also allowed us to assess whether the effect of NSAID use on the risk of miscarriage changed with gestational age. The entry time in our study was the gestational age at the positive pregnancy test, and the median gestational age at study entry was 40 days. Data on women who changed their minds and decided to terminate their pregnancy were censored on the date of termination. The variables included in the model for adjustment were potential confounders and known risk factors for miscarriage as well as common socioeconomic and demographic variables.
To avoid the possibility that the condition for which NSAID or aspirin was taken might cause miscarriage, rather than the drugs themselves, we excluded seven women who reported cramping as the reason for taking NSAID or aspirin, because cramping could be an early sign of miscarriage. (Table A on Table 1 shows the background characteristics of NSAID or aspirin users and non-users in our study population. In general, NSAID users had a slightly higher socioeconomic status than non-users and were more likely to be older, white, to have had a college or higher education, and to have had two or more prior miscarriages and more prior pregnancies. Since their last menstruation, they were more likely to have drunk coffee and alcohol, smoked, used a hot tub or Jacuzzi, and taken multivitamins. There was little difference between users and non-users in the frequency of illicit drug use and the occurrence of fever >37.8°C. None of the NSAID or aspirin users reported having diabetes, and they were less likely than non-users to report having hypertension.
Results

NSAIDs and risk of miscarriage
After adjustment for previous miscarriage, education, maternal age, gravidity, race, use of a Jacuzzi or hot tub, multivitamin use, and smoking since last menstruation, we found that the use of NSAIDs during pregnancy increased the risk of miscarriage by 80% (adjusted hazard ratio 1.8 (95% confidence interval 1.0 to 3.2)). To determine whether NSAID use in early pregnancy presented a particularly high risk of miscarriage, we examined the timing of NSAID use during pregnancy. The risk of miscarriage was much higher when NSAIDs were taken around conception (adjusted hazard ratio 5.6 (2.3 to 13.7)) or were used for longer than a week (8.1 (2.8 to 23.4)) (table 2). Further adjustment for other variables listed in table 1, including drinking alcohol or coffee in the prenatal period, did not change the results. We obtained similar findings when we used logistic regression (results available on request).
The additional absolute risk of miscarriage associated with NSAID use during pregnancy ranged from 10% (25% minus 15%) for any NSAID use to 35% (50% − 15%) for use around conception and to 52% (67% − 15%) for use for longer than one week (table 2) .
Aspirin and risk of miscarriage
The association of prenatal aspirin use with risk of miscarriage was similar to that observed for prenatal NSAID use, although the association was generally weaker and the estimates unstable because of the small number of aspirin users (table 3) .
Paracetamol and risk of miscarriage
Use of paracetamol during pregnancy was not associated with risk of miscarriage regardless of the timing or duration of use (table 4) . In this analysis we excluded all NSAID or aspirin users to avoid confounding and, as in the above analyses, also excluded six women who reported cramping as the indication for paracetamol use. In addition, we excluded 41 women who reported using drugs whose paracetamol content could not be unequivocally determined. However, including these 41 women in the calculations did not change the results.
Discussion
Our analysis of data from a population based prospective cohort study revealed a significantly increased risk of miscarriage associated with prenatal use of NSAIDs or aspirin. The associated risk was particularly high when NSAIDs were used around the time of conception, consistent with the hypothesis that prostaglandin inhibition by NSAIDs interferes with implantation (see below). The risk was also higher when NSAIDS were used for longer than a week, which indicates a dose-response relationship.
Strengths and limitations of study
Our study is a substantial improvement on the study that first reported an association between NSAID use and miscarriage. 9 Our ascertainment of NSAID and aspirin exposure was more complete and based on actual use rather than prescription, and our ascertainment of miscarriage was complete among all participants. We also identified indications for use of the drugs, controlled for confounding factors, evaluated the effect of timing and duration of use, and had an internal comparison group of paracetamol users.
However, because examination of the association of NSAID use with miscarriage was not the main aim of the original study, this study has potential limitations. Despite direct questioning of all participants, our ascertainment of NSAID and aspirin use during pregnancy was still probably incomplete. Because our study was a prospective cohort study, most of the participants were still pregnant when they were interviewed. Therefore, some of the participants who reported no use could have used the drugs after the interview and while still pregnant. However, this misclassification of some users into the non-user group would, if anything, have attenuated the observed association of NSAID and aspirin use with miscarriage. In addition, the reported frequency of NSAID use in our study (5%) was much higher than that reported in the previous study (1%), 9 indicating a more complete ascertainment of NSAID use. Finally, the risk of miscarriage was mainly associated with NSAID use around conception, which we should have completely ascertained for all participants.
Probable mechanism of effect
The association between NSAID use and miscarriage is unlikely to be due to the underlying indications for use of NSAIDs or aspirin. Paracetamol, which shares many of the indications for use with NSAIDs (see table A on bmj.com) but has a different underlying pharmacological effect, had no effect on risk of miscarriage. NSAIDs and aspirin are considered to inhibit prostaglandin biosynthesis in most organ systems, whereas paracetamol inhibits prostaglandin biosynthesis only in the central nervous system.
Animal studies have shown that prostaglandins are needed for successful implantation of an embryo into the uterus wall. 8 Prostaglandins have also been reported to play an important role in human ovulation and implantation through their own effect and interaction with platelet activating factors and cytokines, both in the uterus and in the embryo.
14-16 Suppression of prostaglandin biosynthesis by NSAIDs in peripheral tissues, including those of the reproductive system, could therefore lead to abnormal implantation that predisposes an embryo to miscarriage. In fact, the newer selective NSAIDs (cyclo-oxygenase 2 inhibitors) are classified as pregnancy category C because of increased peri-implantation and post-implantation losses and reduced fetal survival in rats and rabbits.
However, such an effect with non-selective NSAIDs has not been as well examined.
In addition, it has been suggested that a delicate balance of the concentration of various types of prostanoids is essential for maintaining normal blood pressure during pregnancy. 8 NSAID use that suppresses the production of prostaglandins may have an adverse effect on placental perfusion and circulation. Without a healthy placenta, the risk of fetal demise can increase greatly.
We found that the highest risk of miscarriage was with NSAID use around the time of conception. This supports the mechanism of normal implantation being altered by NSAID use.
Conclusions
If NSAID use during pregnancy, especially around conception, is associated with miscarriage it will have wide clinical implications because many women are likely to be prescribed NSAIDs during the periconceptional period. Our findings will need confirmation in studies that are designed specifically to examine the association between NSAID use and the risk of miscarriage. Meanwhile, however, it may be prudent for physicians and women who are planning to be pregnant to be aware of this potential risk and avoid using NSAIDs around conception.
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